Thirty Ayrshire cows, 14 multiparous (MP-cows) and 16 heifers (heifers), were used to investigate the response of animal performance to prepartum rapeseed meal supplement (RSM). The basic diet was formulated from oats and barley (1:1 DM basis) and wilted grass silage. Both heifers and MP-cows were paired by their expected date of calving to form two groups of each. One of each MP-cow pair (control cows; CC) and heifer pair (control heifers, CH) were offered 3 kg d' 1 the basic diet without protein supplement. Part of the grain was replaced by 1.5 kg d~l RSM in the diet of the other pairs (test cows, TC; and test heifers, TH). Mineral supplement was fed at 250 g d" 1 (heifers) and 300 g d" 1 (MP-cows). Following parturition, all animals were offered similar lactation concentrate containing oats and barley (64%), RSM (18%) and molassed sugar beet pulp (18%) with wilted grass silage. Pre-and postpartum blood samples were taken. Feed intake, body condition, body weight change, milk yield and composition were monitored.
INTRODUCTION
Prepartum protein supplement has influenced milk production in dairy goats (Sahilu et al., 1995) and dairy heifers (Tesfa et al., 1999) whereas Van Saun et al. (1993) and Wu et al. (1997) showed no relationship between prepartum protein supplement to improved performance of dairy cow. Besides improved performance in milk yield and composition, prepartum protein intake has also been associated with lower incidence of ketosis and retained placenta (Curtis et al., 1985) . On the other hand, first-calving heifers have been found to be less responsive to protein supplementation than multiparous cows in terms of milk and protein yield (Thomas et al., 1981; Sutton et al., 1996) . In both heifers and adult cows, during the late gestation, the need of the growing foetus for amino acids increases several folds (Bell, 1995) besides the need for other tissues, such as muscle and liver, for protein synthesis. Late gestation is also a period when most amino acids play a role in the regulation of several hormone's production and functions, thus shortage of amino acids may cause a change in the endocrine functions to affect nutrient intake and nutrient partitioning, which may, directly or in-directly, contribute postpartum performance of the animal. As Paquay et al. (1972, ref. Putnam and Varga, 1998) calculated earlier, an adult cow is able to store and mobilize greater than 15 kg of protein from different various protein and energy intakes.
It has also been observed that during the transitional period (1-3 weeks prepartum to 3 weeks postpartum) the high yielding cow is under enormous stress due to the marked changes in endocrine status to accommodate parturition and milk secretion (Bertics et al., 1992; Grant and Albright, 1994; Grummer, 1995) . Significant mobilization of maternal reserve protein occurs during the transitional period (Bell et al., 1995) , if protein supply is in adequate.
Following parturition, the demand for amino acids by the mammary gland for the synthesis of milk protein and lactose exceeds the supply from feed, thus the animal mobilize protein reserve to supply amino acids for milk synthesis and also for gluconeogenesis (Bauman and Currie, 1980) . In our previous studies with heifers fed prepartum extra protein supplement, we observed an increase in silage intake and in milk yield with no effect on milk protein yield or content (Tesfa et al., 1999) whereas Moorby and Dewhurst (1995) observed an increase in milk protein yield during the first 30 weeks of lactation. Therefore, the present experiment is designed to investigate the response of both first-calving heifers and multiparous cows to prepartum protein supplement in terms of pre-and postpartum blood metabolites, postpartum voluntary silage intake, body condition score and body weight change, as well as milk yield and composition.
MATERIAL AND METHODS

Animals and prepartum management
Thirty Ayrshire cows, 16 first-calving heifers and 14 multiparous cows, were used in a completely randomised design. Each cow's metabolic energy requirement for maintenance was calculated as 0.51 MJ (MAFF, 1975; Tuori et al., 1996) kg" 1 metabolic body weight (BW 0 75 ) with the weekly exponential adjustment for gestation requirement (ARC, 1984) . The basal diet was formulated from wilted grass silage, oats and barley (1:1 DM basis), and or rapeseed meal (RSM). Both heifers and MP-cows were paired based on their anticipated calving date. During the prepartum period, one pair of cows (7 control cows, CC) and one pair of heifers (8 control heifers, CH) were offered the control basal diet without RSM supplement. Part of the grain was replaced by 1.5 kg d" 1 RSM as a protein supplement in the diet of the other pairs (test cows, TC; and test heifers, TH). The animals were housed in a tie stall and fed individually. Grain was fed at 14.30 to the animals on a weekly stepped increment of 0.5 kg for un-supplemented diet and 0.375 kg for supplemented diet, to attain the total concentrate allowance of 3.0 kg d" 1 at the time of calving. Wilted grass silage allowance of each animal was calculated as a difference between energy requirement and energy allowance from grain or grain with RSM. Silage feeding took place at 05.30 and 15.00 h. The average intake of absorbable amino acid in the duodenum (AAT, g d" 1 ) was 692 (CH), 786 (TH), 750 (CC) and 824 (TC). In addition, 300 g d 1 (MPcows) and 250 g d" 1 (heifers) mineral supplement was fed. Since feeding was restricted, no feed refusals were observed.
Postpartum feeding management
Following parturition, all were offered similar lactation concentrate containing oats and barley (64%), RSM (18%) and molassed sugar beet pulp (18%) for the first eight weeks of lactation. Daily concentrate allowance was gradually increased, over the period of 10 days, from 3 kg d" 1 to 14.0 kg d" 1 to all MP-cows and 11.0 kg d 1 to heifers. Concentrate was fed 4 times a day (06.00, 09.30, 14.30 and 19.30) . All cows had access to ad libitum (5 to 10% weigh backs) wilted grass silage at 06.30 and 15.00 h every day. In addition, 350 g d" 1 (MP-cows) and 250 g d" 1 (heifers) mineral (7.7% calcium; 6.4% phosphorus; 2.9% magnesium and 3.5%) sodium) supplement was fed. Offered feed and feed refusals of individual cow were recorded daily.
Measurements, sampling and analysis
Body weights (BW) were recorded on 2 consecutive days at week 4 and 1 prepartum and week 1, 4 and 8 postpartum. All the cows were body condition scored (BCS) subjectively, by the same person, from 1 to 5 points according to Lowman et al. (1976) score.
Samples of grain, RSM and molassed sugar beet pulp were taken once every 4 th weeks for dry matter analysis. Silage was sampled every 2 nd week throughout the trial, in addition to when new silos were started, and when changes in silage DM were noted. Both pre-and postpartum feed samples were subjected to the standard feed analysis for DM organic matter, crude protein, ether extract, acid and neutral detergent fibres as previously reported by Tesfa et al. (1999) .
The cows were milked twice daily and milk yield was recorded at each milking. Milk samples were collected on 4 consecutive day of milking during week 2, 4 and 8 postpartum. The morning and afternoon samples were bulked in proportion to yield and analysed with an infrared (IR) milk analyser for fat, protein, casein, total non-protein nitrogen and lactose. Milk urea content was determined with an enzymatic colorimetric method (Rajamaki and Rauramaa, 1984) . The cow's first heat after calving was monitored by visual detection of heat and the number of artificial inseminations (Al) required for each cow were recorded. The health of the animals was cared for and monitored by a veterinarian.
Metabolic profile
Blood samples were collected regularly 7 h after the morning meal during week 4 and 1 prepartum and 1, 4 and 8 postpartum, through puncture of the jugular vein. Blood samples for analysis of insulin and glucagon and for the determination of ketone bodies, urea and non-esterified fatty acids (NEFA) were collected and analysed according to methods previously reported by Tesfa et al. (1999) .
Statistical analysis
Data for feed intake, liveweight change, milk yield and composition were separated in to three Periods as: Period 1 = 4 -22 d postpartum, Period 2 = 23 -41 d postpartum, and Period 3 = 42 -60 d postpartum and analysed by analysis of variance using the SAS (1985) general models procedure. Plasma metabolite data were analysed by the analysis of variance using the repeated model of the SAS GLM.
RESULTS
Feed intake, BCS and BW changes
Feed chemical composition and feed values is given in Table 1 and overall mean (LSM) feed intake of experimental animals both during pre-and postpartum is given in Table 2 . 
Heifers
There was no difference in prepartum feed intake, as feeding was restricted. The postpartum overall voluntary silage DMI of the TH was significantly higher (P<0.03) and it remained to be constantly higher throughout the early lactation silage DMI compared to their counterparts. The higher silage intake of this group reflected on their overall intake of DM and ME (PO.04) as well as CP (PO.05). CH were under negative energy balance compared to TH during the early lactation and the difference was significantly high (PO.03 and PO.09) during Periods 1 and 2. The BCS of this group was lower (PO.003 and PO.02) during Periods 2 and 3 (Table 3) .
Multiparous cows
Though prepartum RSM did not significantly affect the feed intake of MP-cows, the voluntary silage DMI of TC tend to be lower than that of CC (Figure 1) . TC lost more (PO.08) body weight as well as BCS during Period 1 than CC (Table 3) . 
Milk yield and milk composition
Heifers. Prepartum RSM feeding did not improve subsequent milk yield of TH, in fact prepartum RSM deprived CH produced more milk (P<0.09 and P<0.02) than the TH during Periods 2 and 3. There was no significant difference in milk fat, lactose and milk casein concentration. Milk protein content was higher (P<0.04) during Period 3 for the TH whereas milk NPN concentration increased (PO.004 and P<0.09) during Periods 2 and 3. Prepartum RSM feeding significantly increased (PO.01 and PO.09) the milk urea concentration during Periods 1 and 2. The efficiency with which protein was utilized for milk protein production was higher (PO.01 and PO.03) for CH during Periods 1 and 2. Also the efficiency with which AAT was utilized for energy corrected milk production was higher (PO.06 and PO.07) for CH than for TH during the same periods.
Multiparous cows. Though there was a positive response to preparum RSM feeding in terms of milk yield (Figure 2) , the difference was not statistically significant. Also dietary treatments did not influence the efficiency with which AAT and feed protein were utilized for milk and milk protein production.
Blood metabolites
Heifers. Prepartum dietary regime did not affect prepartum plasma concentration of NEFA, BHB insulin and glucagon (Figures 3,4 Weeks relative to calving Weeks relative to calving Figure 6 . Plasma glucagon concentration ver, the insulin concentration of TH tended to be higher than that of CH both during pre-and postpartum periods. Postpartum plasma NEFA concentration of CH was significantly higher (PO.006) than that of TH during period 2. TH had significantly higher (P<0.05 and P<0.01) plasma urea concentration during Periods 1 and 2 (Table 5) .
Multiparous cows. Starting 1 week before calving and thereafter for 8 week postpartum, plasma BHB concentration of TC was higher than that of CC (Figure 4) . On the other hand, the plasma NEFA concentration tended to increase for both CC and TC starting 1 week before calving and reached peak at 1 week postpartum. That of CC decreased sharply between week 1 and 4 postpartum whereas that of TC remained higher (P<0.07) until week 4 and then dropped below the baseline value.
DISCUSSION
Results from studies with supplementary protein feeding effect on milk production and composition varied depending on the source, digestibility and amino acid composition of the protein as well as time of feeding (Julian et al., 1977; note: P urea = Plasma urea (mmol l 1 ) and M urea= milk urea (mg 100 ml 1 ); NPN (mglO 1 ) #P<0.10; * P<0.5; ** PO.01; *** P<0.001 Chew et al., 1984; Moorby et al., 1996; Tesfa et al., 1999) . In the present study, the observed higher voluntary silage DMI response of TH to prepartum RSM supplement is in accordance with our earlier study (Tesfa et al., 1999) , where prepartum supplementary RSM feeding improved postpartum silage intake of first calving heifers. Similar observation was reported by Chew et al. (1984) where prepartum supplementary non-protein nitrogen (urea) feeding with maize silage and hay also increased heifers dry matter intake. The higher voluntary feed intake of primiparous cows in this study could be speculated as improved microbial activity in the rumen due to the effect of prepartum supplementary protein feeding that facilitated the digestibility of gross energy (Oldham, 1980) . On the other hand restricting early lactation protein supplement to 75% of recommendation did not affect nutrient digestibility but reduced DMI (Sutter et al., 1991) supporting the idea that protein supplement may have feed intake stimulating effect without affecting nutrient digestion. In case of our experimental heifers, higher silage intake may also account for the higher nutrient requirement of higher metabolic body weight since TH were heavier than the CH and lost very little BCS postpartum.
The low response in milk yield of the TH to the prepartum RSM feeding however is in disagreement with our previous findings (Tesfa et al., 1999) , where milk yield of heifers increased by 4 kg when the level of RSM was increased from 0.3 to 1.5 kg d
1 . Owing to the higher feed intake, higher milk production should have been expected to occur as a consequence of a better nutrient supply to the mammary gland, similar to our previous observation. Or increased performance should have been achieved through mobilization of body reserve, since TH had higher initial body weight and BCS than CH. However, due to the continuously high concentration of plasma insulin of TH, the output of glucose from the liver was probably inhibited, and apparently uptake and incorporation of amino acids into muscle protein was increased thus promoted lipogenesis, which can be noted from the weight and BCS difference of the two groups. Our observation refutes that of Garnsworthy and Jones (1987) report where they concluded that fat cows or over conditioned cows have lower feed intake and higher mobilization of adipose tissue. This difference could be due to the age of the animal and priority of nutrient utilization by heifers compared to multiparous cows. Low response in milk yield to prepartum protein supplement may also mean that prepartum dietary regimen had less subsequent effect on first calving heifers in terms of milk production. Opposite to this report TH had higher DMI and higher NEFA concentration indicating that BCS and feed intake may not always correlate with NEFA concentration. Kunz and Blum (1985) also reported that the correlation between energy balance and plasma NEFA does not always exist.
In the present study, prepartum RSM deprived heifer's utilized feed protein more efficiently for milk protein production as well as AAT for energy corrected milk (ECM) compared with RSM supplemented heifers. According to the Finnish Feed Table (Tuori et al., 1995) the AAT requirement per kg ECM is 44 g, but CH used less than 44 g of AAT kg 1 ECM (Table 6) though they were at a negative energy and AAT balance during Periods 1 and 2. This may indicate that they had probably mobilized labial protein for milk production whereas the TH excreted the extra protein from RSM supplement and grass silage as milk urea (Table 6) .
Urea-N production attributes to includes both absorbed amino acids and those coming from protein catabolism and was assumed to be 35% of the urea-N production in dairy cows during early lactation (Bruckental et al., 1980) . In the present study, though the milk urea concentration of both groups was within the recommended range of Finnish Dairies, the higher level for TH clearly reflects the abundance of rumen degradable nitrogen. The higher milk urea concentra- note: K, -(energy corrected milk x 3.14) / ME intake -0.51 x BW 0 75 ; AAT / ECM = g AAT / kg ECM; MPP,= milk protein, g / crude protein intake *P<0.05; **0.01;#P<0.10 tion could be speculated as low hepatic gluconeogenesis (not measured) of absorbed amino acids to supply the required glucose by the mammary gland for milk production, thus excess nitrogen was excreted as milk urea. Similarly, the increase in milk NPN concentration is also a reflection of higher plasma urea concentration. Prepartum RSM supplement for multiparous cows had less significance in terms of milk yield which is similar to previous reports (Van Saun, 1993; Wu, 1997; Putnam and Varga, 1998) . It did not also improved milk composition as well as the efficiency with which nutrient has been utilized for milk production to indicate that prepartum nutrient allowance of 0.51 MJ BW 0 75 with exponential adjustment for foetal growth is sufficient to support the onset of lactation when the initial body condition is above 3.10 (Table 3) . CC had higher prepartum BCS and NEFA concentration as prepartum BCS may influence prepartum NEFA concentration . Despite an increase in NEFA concentra-tion, prepartum RSM deprived cows faster increased voluntary silage intake ( Figure 1 ) capacity after calving compared to prepartum protein supplemented counterparts. On the other hand, despite continuous lose of BCS and higher plasma BHB concentration starting 1 week before calving, the test cows did not show detectable case of ketosis or other metabolic disorders due to treatment differences.
CONCLUSIONS
Prepartum protein supplement did stimulate postpartum voluntary feed intake in first calving heifers but not in multiparous cows. It did not stimulate milk production in early lactation in both age groups. It however, increased plasma and milk urea concentration in heifers. High plasma concentration of urea may affect subsequent breeding parameters of cows as well as excess nitrogen excretion is also an environmental risk. Our study concludes that the current Finnish Feed Table (Tuori et al., 1996) nutrient requirement for gestation is enough to support maternal protein balance during gestation and the onset of lactation.
